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1 

This UTC final report examines the effectiveness of monetary incentives based on real-time 
monitoring as means to improve driving behavior of company car drivers. We conducted a 5-months 
60-drivers field study with one of the largest public transportation companies in Israel. Driving 
behavior was measured continuously using In-Vehicle Data Recorders (IVDR) that were pre- installed 
in the vehicles, enabling naturalistic, objective and concise measurements. The driving behavior 
measurements were then used to examine two different monetary incentive schemes: (1) a simple 
individual incentive scheme where each driver was rewarded based on his own improvement in driving 
behavior, and (2) a peer-reward scheme where each driver was rewarded based on the improvement of 
his peers. Drivers were also provided with daily feedback about their improvement and the reward 
they gained using text messages and a dedicated smartphone app. We found that the two incentive 
schemes presented an average improvement of 25% in driving behavior, whereas the control group 
(that did not use any monetary incentive) presented no improvement at all. Surprisingly, and in 
contrast to the reported superiority of the peer-reward scheme in previous studies, we found the 
individual scheme to perform better in our setting (31% vs. 15% improvement). Finally, we found that 
the monetary incentive schemes were able to reduce fuel consumption significantly, suggesting that 
such incentives can serve as a sustainable mechanism for improving driving behavior in real-world 
applications. 

Final Publication: Y. Cohen and E. Shmueli: "Money Drives: Can Monetary Incentives based on Real-Time 
Monitoring Improve Driving Behavior?". Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous 
Technologies. Publication year: 2017 

1  INTRODUCTION  
Car crashes have a tremendous toll on human life and the economy. In 2013 alone, 35,200 deaths and estimated 
3.8 million injuries are attributed to motor-vehicles, with an estimated cost of almost $270 billion ([32]). Human 
factors play a key role in the occurrence of car accidents, responsible directly for 60% of all accidents and 
contribute to nearly 95% of them [9]. 

Focusing on the case of company car drivers, the toll is known to be even more substantial. More specifically, 
company car drivers have an estimate chance of 20-65% to be involved in car crashes every year [12, 22, 27]. 
Moreover, company car drivers are 50% more likely to be involved in car crashes compared to other drivers, even 
after controlling for the larger distances they drive [22]. Hence, improving company car drivers’ behavior may 
have a tremendous impact on road safety. 



              
 

 

                  
                

               
                     
              

                
          

               
                 

                
                  

              
   

                
              

                
       

                   
         

                
                

             
                

               
                     

                
            
                 

              
                  

         
                

                
              

                 
               

     
                    

                 
                    

             
 

    
                  

           

UTC Final Report:: Project MITR25-12: Incentivizing safer driving using peer- • 1:2 

Measurement is considered to be the first step that leads to control and eventually to improvement [30]. With 
respect to driving behavior, In-Vehicle data recorders (IVDR) have recently emerged as a new and efficient tool 
for measuring driving behavior in a naturalistic, objective and standardized manner. Typically, an IVDR unit 
is a relatively small box that is installed in the vehicle and enables to monitor, record and transfer the data to 
a centralized computation server, in near-real-time resolution. Raw measurements of an IVDR unit typically 
include speed, acceleration (lateral and vertical) and GPS location ([39]). These raw measurements can then be 
manifested to generate series of events to characterize driving behavior. 

Once the ability to measure driving behavior exists, one natural way to induce driving behavior changes 
is to provide drivers feedback about their measured driving behavior. A common form used to provide such 
feedback to company car drivers is via periodical reports. Another form that emerges recently by some IVDR 
manufacturers (e.g., Traffilog [35]) is to provide online feedback by means of a dashboard display or sounds. In 
fact, several recent studies have demonstrated that IVDR feedback can significantly improve driving behavior 
(see for example [39]). 

Monetary incentives can serve as another means for improving driving behavior. In fact, several recent studies 
(see [8]) demonstrated that monetary incentives can be used to promote the driving behavior that was rewarded. 
Moreover, many of these studies showed that the combination of monetary incentives and feedback is more 
effective than feedback alone in promoting such behaviors. 

In contrast to previous studies, in this paper we aim at investigating whether monetary incentives can be 
used to improve driving behavior of company car drivers (rather than private car owners) when using standard 
commercial IVDR units (instead of ad-hoc devices). In addition, while previous studies examined a single monetary 
incentive scheme, we compare two very different schemes. Finally, we are also interested in evaluating the impact 
of our monetary incentives on fuel consumption, which is a key factor in their economic sustainability. 

To address these goals, we conducted a field-study with Metropoline [26], the third largest public transportation 
company in Israel, for a time period of 5 months, involving 60 drivers. By exploiting the pre-existing installation 
of IVDR units, we were able to generate driving scores for the drivers. The driving scores were then used to apply 
monetary incentives to encourage the drivers to improve their driving behavior. We examined two very different 
monetary incentive schemes: (1) a scheme based on a simple individual reward, where each driver was rewarded 
according to his own improvement, and (2) a peer-reward scheme that was based on inducing social pressure -
each driver was rewarded according to the improvement of his peers (rather than his own improvement). Drivers 
were provided with daily feedback on their improvement and the rewards they gained using text messages and a 
smartphone app that was developed for the experiment. 

Ouranalysesshowthatmonetaryincentiveswereverysuccessfulinmotivatingthecompanydriverstoimprove 
their driving behavior. While we find a significant difference between the two monetary incentive schemes used, 
to our surprise, the individual incentive scheme performed significantly better than the peer-reward scheme, 
during and after the intervention period. Finally, we show that the monetary incentives were also successful in 
reducing fuel consumption, suggesting that such incentives can serve as a sustainable mechanism for improving 
driving behavior in real-world applications. 

The rest of this paper is structured as follows: In section 2 we provide the relevant background to this study 
and list the related work. In section 3 we give an in-depth description of the field-study that we conducted. In 
section 4 we present the results of our analyses and their implications in light of our research questions. In section 
5 we summarize the paper and outline directions for future work. 

BACKGROUND & RELATED WORK 
Changing the behavior of road users towards safer behaviors has been a subject of much interest to researchers, 
practitioners and policy-makers. Traditional methods for promoting safer driving behavior relied on educational 
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training and mass advertisement campaigns. While quite a lot of effort was invested in training and education 
programs, the majority of such programs was found to be lacking of formal evaluation of their effectiveness, 
limited in scope and power [21], and offering little in providing consistent safety benefits [4]. Additionally, there 
is growing skepticism among professionals and the general public about the effectiveness of mass advertisement 
campaigns, initiated by government and public institutes, despite the tremendous amount of money invested in 
them [2, 6, 25]. More recent methods rely on real-time monitoring, feedback and monetary  incentives. 

2.1  Real-Time  Monitoring  
In-Vehicle data recorders (IVDR) have recently emerged as a new and efficient tool for measuring driving behavior 
in an automatic, continuous, objective and standardized manner. An IVDR unit is typically a relatively small box, 
equipped with a rich set of sensors such as an accelerometer, GPS, a radar and a video camera. The IVDR unit is 
installed in the vehicle and enables to monitor, record and transfer the data to a centralized computation server, 
in near-real-time resolution. Raw measurements of an IVDR unit typically include speed, acceleration (lateral 
and vertical) and GPS location ([39]). These raw measurements can then be manifested to generate series of 
events that characterize driving behavior such as speeding, extreme breaking and acceleration, sharp-turns, lane 
departures, short headways and more [10, 11]. While IVDR systems may serve as a reliable measurement tool to 
study driving behavior [29, 41], their installation alone is not sufficient to significantly affect driving behavior 
([16]). 

2.2  Feedback  
Several recent studies have shown how IVDRs can be used to provide feedback to drivers in order to improve 
their driving behavior. The authors of [13] and [36] showed a positive impact in driving behavior when using 
IVDR data to generate weekly reports that were provided to fleets’ supervisors. Similarly, [41] installed IVDR 
systems in a fleet of small pickup trucks to track driving patterns and provided off-line reports and real-time 
warnings as feedback. In another study [28], the authors examined the effect of IVDR feedback on longer trips, 
resulting with 87% of the drivers improving their driving behavior in the monitored time period. The authors 
of [40] demonstrated how IVDR feedback positively affected the driving behavior of young drivers during 
their accompanied driving period. In another context [34], the researchers used feedback based on IVDR’s 
data, combined with parental training in vigilant care, to reduce adolescent driving risk. The authors of [38] 
demonstrated lower rates of risky driving behavior by introducing parental involvement in the intervention, 
either by feedback or by training. [37] presented an improvement in driving skills of young drivers when using 
IVDR data during a marketing intervention trial in the UK. Similarly, [11] used IVDR systems to provide teenage 
drivers feedback on their driving behavior. A recent paper by Toledo and Shiftan [39] evaluated the impact of 
IVDR feedback on safe driving and eco-driving in a controlled experiment, showing that feedback can lead to a 
reduction of8% insafety incidents and 3%-10% in fuelconsumption. 

2.3  Monetary  Incentives  
The possibility of promoting safer driving by means of rewards has been discussed for a long time. However, 
only during the last 10-15 years, technology for monitoring driving behavior has become sufficiently reliable to 
implement field studies that reward drivers for improving driving behavior [8]. For example, in [17, 18, 20, 33], the 
researchers used a punitive monetary incentive scheme based on data generated by an ISA (intelligent speeding 
attachment) unit, demonstrating its effectiveness in reducing speeding events. In [24], the authors examined 
the use of monetary incentives to reduce speeding and short headway events. They found the incentive to be 
quite effective, although the effect on headway maintenance was not prolonged. In [3], the authors used variable 
monetary incentive amounts to reduce driving mileage and found that higher amounts were more successful 
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than lower amounts, as expected. The authors of [19] conducted a pay-as-you-speed trial that examined the 
combination of feedback and monetary incentive to reduce speeding. While they found each of the mechanisms 
alone to be useful, their combination was found to be the most effective.Commercially, we notice more and more 
insurance companies that reward clients for improving their driving behavior (see [42] for a list of examples). 

In all of the above studies, the monetary incentive was successful in promoting the behavior that was rewarded. 
Moreover, many of these studies showed that the combination of monetary incentives and feedback is more 
effective than feedback alone in promoting such behaviors. Interestingly, all of these studies share the following 
aspects: (1) drivers were private car owners; (2) a dedicated ad-hoc device was used to record driving behavior, 
and therefore it was capable of capturing only a single type of driving events (e.g., speeding, short headway, 
millage and night driving); (3) subjects were recruited voluntarily, thus the researchers were likely to generate a 
selection bias. 

In contrast, in this paper we report on a field study that was conducted with company car drivers (rather than 
private car owners) using standard commercial IVDR units (instead of ad-hoc devices) that were installed in the 
company’s vehicles. As mentioned above, company car drivers are 50% more likely to be involved in car crashes 
compared to other drivers, and therefore improving their driving behavior may have a tremendous impact on 
road safety. Furthermore, an IVDR system allows us to collect data about various aspects of driving behavior. 
In addition, while all of the above studies examined a single monetary incentive scheme, we compare two very 
different schemes: an individual incentive scheme and a social incentive scheme. Finally, we also analyze the 
impact of our monetary incentives on fuel consumption, which is a key factor in their economic sustainability. 

3  EXPERIMENTAL  DESIGN  
In order to test the importance of monetary incentives in improving driving behavior we conducted a dedicated 
field study. The field study was approved by the Institutional Review Board (IRB) and conducted under strict 
protocol guidelines. 

When designing the field study, we had three research questions in mind: (1) can monetary incentives be used 
to improvedriving behavior ofcompanycardrivers? (2)do differentmonetary incentiveschemeshave a different 
effect on the extent of improvement? and (3) can monetary incentives serve as a sustainable mechanism for 
improving driving behavior over time? 

In the following subsections we describe the field study in detail, including how the subjects were recruited, the 
time periods of the study, how driving behavior score was calculated, the two monetary incentive mechanisms 
that were tested and the type of feedback that was provided to the subjects. 

3.1  Recruiting  Subjects  
The subjects were recruited from Metropoline [26] - the third largest public transportation company in Israel.We 
limited ourselves to two bus lines operated by Metropoline (as requested by Metropoline, we omit the numbers 
of the two bus lines). These two lines were chosen for two reasons: (1) they have approximately the same driving 
routes, and therefore we do not need to control for road variability and (2) the vast majority of the buses operating 
in these two lines were already equipped with two different IVDR systems: ISR [5] and Traffilog [35]. 

We have filtered-out drivers that had less than five working days in the baseline period (the two months 
preceding the intervention period, see subsection 3.2), where a working day was defined as a day in which the 
driver drove at least two hours in the two chosen bus lines. Our filtering resulted in 63 subjects, out of which 
three subjects decided to drop-out at the very beginning of the experiment, resulting in a final number of 60 
subjects. 

, 

https://Israel.We
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3.2  Time  Periods  
The field study was divided into three time periods: 

(1) Baseline: This period included the two months preceding the intervention period, namely June and July 
2016. In this period, subjects were monitored but no intervention took place. The collected data allowed us 
to characterize the normal (i.e. baseline) driving behavior of subjects. 

(2) Intervention: The actual intervention took place during the months of August and September 2016. During 
this period, subjects were given daily feedback about their improvement in driving behavior and the rewards 
they gained (according to their experimental group). 

(3) Post-intervention: This period included the month after the intervention period, namely October 2016. 
During this period we continued to monitor drivers, but no feedback nor monetary incentives were used. 
The data that we collected in this period allowed us to better understand the after-effects of our intervention. 

Inorder to reducenoise inouranalysis,wefiltered-outweekends(Friday andSaturday, theIsraeli restdays)and 
Jewish and Muslim holidays. This filtering resulted in 42 days in the baseline period, 40 days in the intervention 
period and 13 days in the post-intervention period. 

3.3  Experimental  Conditions  
The experiment included three condition groups, two groups were based on monetary incentives and one group 
served as control: 

• Individual Monetary Incentive: In this group subjects were rewarded according to their own improve-
ment in driving behavior. 

• Peer-Reward Monetary Incentive: In contrast to the individual monetary incentive, this incentive relies 
on thesocial relationships of thesubject.Subjectswereshown theirown progressaswellas theperformance 
of two peers that were chosen for them from the same experimental group (see Appendix A). Reward 
was based on the improvement of the subject’s peers (rather than the subject’s own improvement). We 
refer to the subject who is being rewarded as “mentor" and to the subjects that earn the reward for him as 
“trainees". 

• Control: Subjects in this group did not receive any monetary incentive. 
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Trainee Mentor 

$ $ 

Trainee Mentor 

$ $ 

Fig. 1. An illustration of the peer-reward experimental condition. The driver in the middle serves as a mentor to the two 
trainees on the left (and thus is rewarded based on their improvement in driving behavior). The same driver also serves as a 
trainee to the two mentors on the right (hence, the two mentors on the right are rewarded based on his improvement in 
driving behavior). 

The idea behind our selection of the two monetary incentive schemes above was to compare two very different 
schemes. While the individual scheme represents a simple and frequently used scheme, in which the subject’s 
motivation to improve depends solely on the reward, the peer-reward incentive relies on social pressure induced 
by the mentor to increase the motivation of the trainee. A similar scheme was used in [1, 23, 31], where in all 
three studies, the peer-reward scheme was found to be much more effective than the individual scheme. 

Out of the 63 subjects that were selected for the experiment, 23 were randomly selected to serve as the control 
group and the remaining 40 subjects were divided equally between the two monetary incentive groups (i.e. 20 
subjects in each group). As mentioned above, at the very beginning of the intervention period, three subjects from 
the peer-reward group dropped-out, resulting in a total of 17 subjects in this group, 20 subjects in the individual 
group and 23 drivers in the control group. 

3.4  The  Collected  Data  
Our data comes from two different IVDR systems as mentioned above: 

• ISR. Data from the ISR system was used to generate the drivers’ shifts report. This report detailed for each 
“logical trip", the vehicle number, the driver id, and the actual start and end times of the trip. This report 
helped us to filter out administrative trips (i.e. going to the garage, driving back to home station) and to 
identify for each trip its driver. 

• Traffilog. Data from the Traffilog system was used to generate two reports: driving alerts and fuel consump-
tion reports. The driving alerts report detailed for each alert, the vehicle number, the event time stamp and 
the event category. Event categories include: moderate/hard/extreme right turn, moderate/hard/extreme 
left turn, moderate/hard/extreme brake and extreme acceleration). The fuel consumption report included 
for each “physical trip" (the period since the vehicle’s engine was ignited and until the moment it was 
turned off) the vehicle number, the total fuel consumption in liters and start and end times of the trip. 

The two reports were then joined to create a single dataset where each record was associated with a single 
logical trip and included the bus number, the driver id, the start and end times of the trip, the total number of 
alerts (and a breakdown by category) and the amount of fuel consumed. 
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3.5  Driving  Behavior  Improvement  
The dataset that we described in the previous section was used to generate daily driving scores for the subjects, 
as well as a daily improvement score that was later translated into a monetary reward. 

3.5.1 Daily Driving Behavior Score. A fundamental ingredient in our calculations is the generation of a daily 
driving behavior score. We chose the simplest approach according to which we just calculated the average number 
of alerts per driving hour that subject s had in day d, denoted by µd .s 

3.5.2 Baseline Driving Behavior Indicators. For each subject s, we calculated two indicators based on his daily 

 
 

 

      
 

 

   
 

 

 
 

 

  

 
 

 
 

 
 

     
  

driving behavior scores during the baseline period B: 

µB = s 

d 
d ∈B µ s 

|B | 
(1) 

Bo = 
(µd −µB )2 

d ∈B s s (2) 
s |B| − 1 

where µB is the average of all daily driving behavior scores s had during the baseline period, and σB is the 
s s 

corresponding standard deviation. 

3.5.3 Daily Improvement Score. For each day of the intervention period, we were interested in quantifying the 
improvement in driving behavior of each subject in that day, compared to the baseline period. More specifically, 
the daily improvement score of subject s in day d of the intervention period, was calculated as: 

µd − µB 

s 
δd s s= (−1) ∗ σ (3) B 

s 

Stated in words, we took the average driving behavior score of s in day d (µd ), subtracted the average driving 
s 

s 
behavior score of s during the baseline period (µB ), divided (normalized) it by the corresponding standard 

sdeviation (σ B ) and negated it (so that a positive value will represent improvement). The goal of the normalization 
was to reduce the effect of extremely volatile driving behavior of some of the subjects. Drivers who managed to 
improve their driving behavior in day d in comparison to the baseline period had a positive δd score, and those swho actually got worse, had a negative δd score. The magnitude of δd depended on the extent of the improvement 

s s 

and the level of volatility in driving behavior of s during the baseline period. 
We would like to note two points that were considered in the design of δd :s 

• We decided to score subjects based on their “improvement" as opposed to reducing µd beneath a predefined s 
threshold, since: (1) we wanted both “good" drivers and “bad drivers” to be engaged in the experiment and 
have the option to be rewarded and (2) determining such a threshold is challenging. 

• The improvement score of each subject was dependent only on himself and not on the other subjects, for 
two main reasons: (1) we wanted to prevent side-effects of a competition like setting in which only the top 
performing subjects are motivated to improve continuously whereas the others may lose hope and (2) we 
wanted to control for potential environmental noise, such as the sensitivity of the IVDR system, traffic 
variability and so on. 

3.5.4 Monetary Reward. After calculating the improvement score for all subjects in a given intervention day, 
we determined the monetary reward for each one of them as follows. Our overall budget for the experiment 
allowed us to allocate 600 NIS per each day of the intervention period. This resulted, on average, in 16 NIS per 
day per subject (we had 37 subjects in the two monetary incentive groups). Considering the fact that the average 
daily salary of a driver in our setting is approximately 350 NIS, the monetary reward is equivalent to 4.5% of his 
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salary. The monetary reward included two parts: (1) a fixed reward of 3 NIS per driver per day that was paid 
to all 37 subjects in all 40 days of the intervention period and (2) a variable reward that was dependent on the 
improvement score of the subjects in that day and their experimental condition. 

The goal of the fixed reward was to encourage subjects to stay in the experiment and to continuously try 
to improve their driving behavior, even if they didn’t manage to improve on that specific day. Moreover, even 
drivers who did not attend work, or did not drive the two chosen bus lines on that specific day, received the fixed 
reward (but were not eligible for the variable reward). 

After allocating the fixed reward to the 37 drivers, the rest of the reward was divided between the two incentive 
groups proportionally (according to the number of active drivers in day d in each one of the two groups). We 
denote the daily budget in day d for each incentive group G as ωG .

d 
In order to reduce frustration among the subjects, we decided to use only a positive reward and not to “punish" 

subjects for a “negative improvement". Therefore, all negative values of δd were truncated to 0:s 

δ d̂ = max(δd, 0) (4) 
Then, in order to make the reward proportional to the improvement of the different drivers in day d, we 

calculated the reward per unit of improvement as follows: 

s s 

ωd 
θd G (5) = 

G 
The total reward allocated to subject in day was s ∈G δ̂sd d as: 

s d calculate 

ϕd = 3 + θd · δˆd (6) s G s 

Finally the actual reward paid to subject s was dependent on his experimental condition. In case the subject 
belonged to the individual group, he simply received ϕd . In case he belonged to the peer-reward group, the s 
payment included (ϕd + ϕd )/2, where s1 and s2 are the two trainees of s.s1 s2 

3.6  Additional  Feedback  
Besides the visual lights provided by the Traffilog IVDR system, drivers received daily feedback on their driving 
behavior, their improvement, and the reward they earned. Feedback was provided in two ways: 

• SMS:All subjects received daily textmessages to theirmobilephones. In the individualgroup, themessage 
included the reward the subject earned in the previous day. In the peer-reward group, the message also 
included a breakdown of the reward earned by each one of his trainees and the reward the subject 
contributed to each one of his mentors. 

• A Smartphone App: we developed a dedicated smartphone application for the subjects that included detailed 
feedback on their driving behavior. Drivers had the option to install and use the application through a 
personal password that was provided to them, but were not forced to do so. The dedicated app had slightly 
different versions for the individual and peer-reward groups. In the ’individual’ version, the home screen 
(Figure 2(a)) included a summary of the reward earned in the previous day, previous week, and since the 
beginning of the experiment. By pressing the earned amount, subjects were redirected to the trips screen 
(Figure 2(b)) that included information on how much money was earned at each day of the experiment, 
and further information about the trips made at that day, including their time, route and improvement 
percentages. In the ’peer-reward’ version, the home screen (Figure 2(c)) showed the rewards the subject 
contributed to his mentors, as well as the rewards credited to him by his trainees (aggregated by the previous 
day, previous week, and from the beginning of the experiment). Similarly to the individual version, pressing 
the reward contributed to his mentors, redirected the subject to a new screen that included information 
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about the daily rewards he contributed to his mentors and detailed information about his trips. Pressing 
the reward credited by his trainees, redirected the subject to another screen (Figure 2(d)) that showed 
information on the daily rewards earned by the trainees for him and the trainees’ trips information. 

Fig. 2. Snapshots of the experimental app: (a) Individual group - Dashboard, (b) Individual group - Trips, (c) Peer-Reward 
group - Dashboard, (d) Peer-Reward group - Trips. 

3.7  Survey  
On the halfway of the intervention period we conducted a survey to collect information on how the subject 
perceived the experiment so far. More specifically, the survey included several parts: 

• Feedback. This part included the following questions: "Do you receive the experiment’s daily text messages 
to your mobile phone?", "How often do you read the experiment’s text messages?", "Do you have the 
experiment’s app installed on your mobile phone?", "How often do you use the experiment’s app?". 

• Engagement and satisfaction. This part included the following questions: "How much effort did you 
invest in order to improve your driving behavior?", "To what extent do you believe this experiment can 
change the driving patterns of Metropoline drivers?", "How satisfied are you from the reward you earn?", 
"What are the main reasons that made you improve your driving behavior?", "What did you do in order to 
improve your driving behavior?", "What are the main reasons that prevented you from improving your 
driving behavior further?" 

• Social interaction. Subjects in the peer-reward group were asked additional questions: "What are the 
names of your two mentors?", "How close is your relationship with each one of your mentors?", "How often 
did your mentors encourage you to improve your driving behavior?", "How do you estimate your mentors’ 
ability to improve your driving behavior?", "What are the names of your two trainees?", "How close is your 
relationship with each one of your trainees?", "How often did you encourage your trainees to improve their 
driving behavior?", "How do you estimate your ability to improve your trainees’ driving behavior?" 

3.8  Introducing the Experiment to the  Drivers  
The field study was described to the drivers as an experiment to improve their driving behavior. The drivers 
were notified that we measure their driving behavior based on Traffilog alerts (we did not provide the exact 
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details of how driving behavior was calculated). Weput a special emphasis on reminding the drivers the different 
categories of alerts: moderate/hard/extreme right turn, moderate/hard/extreme left turn, moderate/hard/extreme 
brake and extreme acceleration. Drivers were also reminded about the existence of the Traffilog light-indicator 
that was located above the steering wheel and provided real-time indication of alerts. We also emphasized 
that each day of the experiment is measured separately and independently on the previous days, and that we 
measure their improvement compared to themselves (during the baseline period) and independently of the other 
drivers. Drivers were told that they will be arbitrarily assigned to one of the two incentive groups – individual or 
peer-reward – and the nature of each group was explained to them. They were also notified that they cannot 
change their assignment once it was determined. Finally, drivers were briefed about the daily SMS messages and 
were encouraged to install the dedicated smartphone app on their private mobile phone. 

4  RESULTS  
In this section we aim at answering the three research questions that were outlined in the previous section. 
More specifically, in subsection 4.1 we test whether the use of monetary incentives helped in improving the 
driving behavior of subjects in comparison to the control group in which monetary incentives were not used. 
In subsection 4.2 we test whether there was a noticeable difference between the two very different monetary 
inventive schemes that were used. Finally, in subsection 4.3 we test the impact of the two monetary incentive 
schemes on fuel consumption, in order to provide some insight on the sustainability of such schemes. 

4.1  The  Impact  of  Monetary Incentives  
In this subsection we compare the improvement in driving behavior between the control group and the two 
monetary incentive groups (that we combined into a single group for the purpose of the following analyses). 

It is easy to see that our field-study fits the well-known ’pretest-posttest’ experimental design. The ’pretest-
posttest’ design commonly includes two groups, where one group is given a treatment and the other receives no 
treatment (’control’) over the same period of time. This design is often used in contexts such as medicine, where 
the effect of a new medical treatment is examined, and education, where the effect of a new teaching method is 
examined [7]. In our context, the treatment is the use of monetary incentives, and we examine their effect on the 
average driving alerts per hour (µ) during the intervention period (posttest) in comparison to the the baseline 
period (pretest). 

The ’pretest-posttest’ design aims at filtering out experimental noise and confounding variables (external 
validity)andallowingbetterexaminationof the interventioneffect (internalvalidity) [7]. Inparticular, thisdesign 
addresses a major limitation of the ’posttest only’ design: it is very poor at guarding against assignment bias, 
because the researchers know nothing about the individual differences within the control group and how they 
may have affected the outcome. 

Several statistical methodologies were suggested in the literature to examine the effect of the treatment in 
’pretest-posttest’ experimental design (each has its own pros and cons [7]). We focus here on the two popular 
ones: Gain Score and Mixed Design ANOVA. 

Gain Score. According to this test, we compute the difference between the pretest and posttest scores for each 
subject and then analyze those differences in a one way ANOVA (or simply a t-test in the case of two conditional 
groups) using treatment (treatment vs. control) as the only factor. If the treatment main effect is significant, then 
the change from pretest to posttest is not the same in the two groups. However, in our setting, the difference in 
the average number of alerts per hour might not be suitable, as drivers with high initial alerts rate may improve 
more easily than drivers with low initial alerts rate. Hence, instead of calculating the difference, we calculated the 
improvement in percentages, denoted by ∆s . More specifically, we first calculated ρ B as the overall number of s 
alerts divided by the overall number of driving hours, for subject s in the baseline period B. Then, we calculated 



              
 

ρI as the overall number of alerts divided by the overall number of driving hours, for subject s in the intervention s 
period I . Finally we calculate the improvement of subject s as: 
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s∆ = 1 (7) s − 
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Figure 3 shows the kernel density estimation (KDE) and empirical cumulative distribution function (ECDF) of 
the gain scores distributions of the experimental and control groups. As seen in the figure, the two distributions 
are near-normal and there is a significant difference in the improvement for experimental group (M=28%, SD=29%) 
and control group (M=-9%, SD=48%) conditions; t(58)=3.35,p-value<0.005. 
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Fig.  3.  KDE  and  ECDF of  improvement  for  the  experimental  and  control  groups.  

Mixed Design ANOVA. An alternative procedure for analyzing the pretest and posttest scores is to run a 
2 x 2 ANOVA with time (pretest vs. posttest) as a within-subjects factor and treatment (treatment vs. control) 
as a between subjects factor. In our case, we examine the change in the average number of alerts per hour µ 
(score) between the baseline period and the intervention period (time) for the experimental and control groups 
(treatment). 

The results of performing this test on our data are shown in Table 1. As shown in the table, neither time nor 
treatment were found to significantly affect µ, while the interaction between time and treatment was found to be 
significant. These results suggest that one of the groups presented a significant change in µ between the two 
periods, while the other did not. 

            

 
 
 

 
 

 
 

 
 

 
 

 
 

  

       
        

Source Type III SS Df Error SS den Df F Pr(>F) 
(intercept) 800 1 671.79 58 69.069 1.85e-11 *** 
treatment 16.51 1 671.79 58 1.4251 0.237 
time 0.91 1 57.38 58 0.9237 0.340 
treatment:time 11.37 1 57.38 58 11.493 0.0012 ** 
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Table 1. The output of the Mixed Design ANOVA test: comparing the experimental and control groups 



              
 

 

             
                

             
            

                
 

To further understand which group presented a significant change in µ, we performed additional post-hoc 
tests as follows. Specifically, two paired-samples t-tests were conducted to compare µ (dependent variable) in the 
baseline and intervention periods (independent variable) – one for the experimental group and the other for the 
control group. As we can see in Table 2, the experimental group showed a significant change (decrease) in µ, 
while the control group did not show a significant change in µ, between the baseline and intervention periods. 

    Experiment condition   DF     t value     Pr> (|t|)   
 Experimental 36  5.766   1.42e-06 ***  

Control  22  -0.72  0.474  
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Table 2. The output of the two post-hoc tests - paired t-test for the difference in µ for the experimental and control groups 

To further emphasize our conclusions, we calculated the overall driving score per day (for all active drivers), 
denoted by µd . µd is calculated by counting the overall number of alerts divided by the overall number of driving 
hours, for all active drivers in day d. 

Figure 4 depicts µd during the baseline and intervention periods for the experimental and control groups. Each 
dot represents a single working day. Blue and green dots represent the baseline period and the intervention 
period respectively. The horizontal line in each time period indicates the mean of µd in that period. As can be 
seen from the figure, and in accordance to the previous statistical tests’ findings, while in the control group the 
mean µd value barely changed between the two periods (4.05 vs. 4.02), it dropped significantly (3.66 vs. 2.79) in 
the experimental group. Stated differently, the experimental group presented a decrease of 22% in the average 
number of alerts per hour between the baseline period and the intervention period (while the control group 
showed no difference). 
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Fig. 4. Average number of alerts per hour for each day of the baseline and intervention periods. 

To summarize, our findings suggest that the use of monetary incentives (regardless of the scheme) was able to 
improve driving behavior to a large  extent. 

Next, we were keen to know what was the impact of our dedicated application on the extent of improvement. 
More specifically, we hypothesize that drivers who used the dedicated application, tended to feel more engaged 
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in the experiment and hence presented a more substantial driving behavioral change. In order to support this 
hypothesis, we examined the correlation between the number of times each subject logged-in to the application 
(we examined subjects in the experimental group only) and their improvement in driving behavior (i.e., ∆s ). 
Figure 5 shows the resulting scatter plot and regression line. We find a relatively high Pearson correlation (0.4, 
p-value<0.05), supporting our hypothesis that there exists a correlation between application usage and the 
improvement in driving behavior. Nevertheless, it is important to note this finding shows only correlation, and 
therefore it cannot confirm any causal  relationship. 
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Fig. 5. Improvement as a function of application usage for subjects in the experimental group. 

Recall that while Traffilog provided a severity level (moderate, hard and extreme) for each alert, our driving 
score (i.e., µ) treated all alerts in the same manner. Here we were interested to know whether the improvement 
we observed in the experimental group behaved differently for the various severity levels. In order to do so, 
we performed two different analyses of driving improvement (i.e., ∆s ), one for moderate severity alerts, and 
the other for hard and extreme severity alerts. We combined the two latter since hard and extreme alerts were 
quite rare. For moderate severity alerts, we find a significant difference in the improvement percentages for the 
experimental group (M=18%, SD=24%) and the control group (M=-8%, SD=38%) conditions; t(58)=2.9, p-value<0.01. 
Nevertheless, for hard-extreme severity alerts, while the mean improvement percentage for the experimental 
group was slightly better than that of the control group, it was not found to be significant (M=6%, SD=21% versus 
M=-4%, SD=31% respectively; t(58)=1.47, p-value>0.1). This finding implies that the subjects improved their 
driving behavior mainly by reducing their moderate-severity alerts. 

https://p-value<0.01
https://p-value<0.05
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Fig.6. Drivingbehaviorimprovementinexperimentalandcontrolgroups,for(a)moderateseverityalertsand(b)hard-extreme 
severity alerts. 

4.2  A Comparison between the Two Incentive Schemes  
In this subsection we report the results of a detailed comparison between the two monetary incentive schemes 
(i.e. individual vs. peer-reward). We follow the same methodology that was used in the previous section. 

Gain score. We first calculated ∆s for each driver in the two incentive groups. Figure 7 shows the kernel density 
estimation (KDE) and empirical cumulative distribution function (ECDF) of the two gain scores distributions of 
the two incentive groups. As seen in the figure, the two distributions are near-normal, and there is a significant 
difference between the mean of the improvement for individual group (M=36%, SD=25%) and peer-reward 
group(M=18%, SD=33%); t(35)=1.9, p-value<0.1. 
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Fig. 7. KDE and ECDF of improvement for the individual and peer-reward groups. 



              
 

 

                  
                   

    
                   

                 
               

            
   

 

MixeddesignANOVA.Weused a Mixed Design ANOVA test to examine the change in the average number 
of alerts per hour µ (score) between the baseline period and the intervention period (time) for the individual and 
peer-reward incentive groups (treatment). 

The results of performing this test on our data are shown in Table 3. As shown in the table, treatment alone 
was not found to significantly affect µ, while time alone, and the interaction between time and treatment, were 
both found to be significant (p-value<0.01 and p-value<0.1 respectively). These results indicate that both groups 
presented a significant change in µ, and that the change presented by one of the groups was significantly higher 
than that of the other. 

          
        
       

        
        

Source Type III SS Df Error SS den Df F Pr(>F) 
(intercept) 365.45 1 456.12 35 28.042 6.558e-06 *** 
treatment 1.05 1 456.12 35 0.0803 0.778 
time 3.80 1 17.84 35 7.4494 0.0098 ** 
treatment:time 1.57 1 17.84 35 3.0811 0.0879 . 
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Table 3. The output of the Mixed Design ANOVA test: comparing the individual and peer-reward incentive groups 

Again, to further emphasize our conclusions, we calculated the overall driving score per day (for all active 
drivers) – µd . Figure 8 depicts µd in the baseline, intervention and post-intervention (marked with black squares) 
periods, for the individual and peer-reward groups. As can be seen from the figure, while the mean µd value in the 
individual group dropped significantly (4.12 vs. 2.86), it dropped more moderately (3.1 vs. 2.69) in the peer-reward 
group. Stated differently, the individual group presented an outstanding decrease of 31% in the average number 
of alerts per hour between the baseline period and the intervention period, while the peer-reward group showed 
a decrease of only 15%. 
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(a) Individual group (b) Peer-reward group 

Fig. 8. Average number of alerts per hour for each day of the baseline, intervention and post-intervention periods. 

We also examined the effects of the two monetary incentive schemes during the post-intervention period. As 
can be seen in the two figures, the average alerts rate in the individual group, had risen in roughly 16%, but was 
still quite below that of the baseline period, meaning that subjects’ continued to maintain an improved driving 

https://p-value<0.01


              
 

 

                
                    

          
               
               

                
                   

                    
                    
                    

                  
                 

 
      

          
    

    

             
           

    
    

           
    

  

    

          
 

    

                       
  

 
 

                   
                 

                  
                
                   

                  
       
                  

                   
                      

                 
                     

                       
                

               
                 

                    

UTC Final Report:: Project MITR25-12: Incentivizing safer driving using peer- • 1:16 

behavior even after stopping the monetary incentive. In contrast, the average alerts rate in the peer-reward group 
reached back the one presented in the baseline period. Clearly, this finding should be taken with a grain of salt 
due to the relatively short time of the post-intervention period. 

These findings above suggest that there exists a significant difference between the two monetary incentive 
schemes. Surprisingly, while we expected the peer-reward scheme to outperform the individual scheme and its 
effect to be longer lasting (in consistency to previous studies), this was not the case here. 

In order to understand better why the peer-reward incentive did not perform as well as we expected in our 
setting we turned to the survey that we conducted at the halfway of the intervention period. Table 4 shows five 
of the questions that were handed to the two incentive groups, the scale of the answers, the mean (or proportion) 
of the answer for each of the incentive groups. Moreover, the table reports the result of statistical tests that were 
conducted to check the difference in reported answers between the two groups (for the first question we used a 
z-test to compare proportions, and for the other four questions we used a t-test to compare means). 

Question Individual Peer-reward Statistic P-value 
1 Do you have the experiment’s app installed on 

your mobile phone? (YES/NO) 
18/19 9/14 z=2.24 0.037 (**) 

2 How often do you use the experiment’s app? (1-5) µ 4.39 (σ 1.19) µ 3.89 (σ 1.45) t(14)=0.89 0.38 
3 How much effort did you invest in order to im-

prove your driving behavior? (1-5) 
µ 4.05 (σ 1.13) µ 3.74 (σ 1.49) t(23)=0.71 0.48 

4 To what extent do you believe this experiment 
can change the driving patterns of Metropoline 
drivers? (1-5) 

µ 4.52 (σ 0.84) µ 4.28 (σ 1.2) t(22)=0.64 0.52 

5 How satisfied are you from the reward you earn? 
(1-5) 

µ 4.37 (σ 0.95) µ 3.38 (σ 1.04) t(24)=2.71 0.012 (**) 

Table4. Questionsthatwerehandedtothetwoincentivegroupsaspartofthesurveythatwasconductedatthehalfwayof 
the intervention period. 

Our first insight from Table 4 was that subjects in the individual group were more engaged in the experiment 
than subjects in the peer-reward group.More specifically, in comparison to the peer-reward group, subjects in the 
individualgroupmademoreeffort to improve,believedharder in theirpotential to improve,andfeltmoresatisfied 
from the reward they earned. Considering the application usage, the percentage of subjects in the individual 
group who used the application and their frequency of usage were higher than that of the peer-reward group. It 
is important to note however that only two of these five differences were found to be statistically significant 
(most probably due to the small sample). 

Oursecondinsightwasthat therewasa low levelofcommunicationbetweenmentorsand trainees.Inparticular, 
in the social interaction section of the survey, we asked each subject in the peer-reward group to provide the 
names of his two mentors and two trainees. We found that 35% of the subjects did not remember the name of at 
least one of their mentors. This is especially interesting since they received daily text messages that included 
the name of their mentors. We found a similar result when asking the subjects for the names of their trainees -
21% of the subjects did not remember at least one of the names. We attribute these two findings to a low level of 
communication between the mentors and trainees. The latter can be attribute to: (1) poor social relationships 
between subjects to begin with and (2) low motivation to induce peer-pressure by the mentors. 

Finally, we were interested to know whether the friendship level between a trainee and his mentors had 
an impact on his extent of improvement. Hence, we turned again to the survey, where as part of its social 
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interaction section, we asked the subjects to rank their friendship level with their mentors (on a 1-5 Likert 
scale). More specifically, for each subject, we calculated the mean friendship level to his two mentors. Then, we 
binned the resulting friendship scores into low (beneath a score of 2.5, which was the median friendship score 
among all subjects) and high (a score of 2.5 and above) and compared the two corresponding distributions of 
improvement (see Figure 9). As can be seen in the figure, the two distributions are near-normal, and the one 
representing subjects with high friendship scores presents a slightly higher (but not significantly different) level 
of improvement. Performing a t-test, we did not find a statistically significant difference in the improvement 
percentages for subject with high friendship score (M=31%, SD=22%) and those with low friendship score (M=16%, 
SD=33%); t(35)=0.29, p-value ≈0.3. 
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Fig. 9. KDE and ECDF of improvement for low and high friendship scores. 

4.3  Sustainability  
When monetary incentives are used, one question that arises is their economic sustainability. Monetary incentives 
require financial resources and their efficiency depends on whether their overall impact worths the monetary 
investment. In our case, the money that is invested in improving driving behavior can save lives, reduce car damage, 
lower maintenance and insurance costs, and reduce fuel consumption. In fact, several previous studies have 
already emphasized the benefits of safe driving as economic and fuel efficient pattern of action (e.g. [14, 15, 43]). 

In the same spirit, we hypothesized that the monetary incentive schemes that we used to improve driving 
behavior have also led to a significant reduction in fuel consumption. 

In order to test our hypothesis, we first checked whether there exists a correlation between the improvement 
in driving behavior of a subject (i.e., ∆s ), and his reduction in fuel consumption (calculated similarly to the 
improvement in driving behavior, by replacing the number of alerts with fuel consumption). Figure 10 shows the 
reduction in fuel consumption as a function of improvement in driving behavior, where each point is a subject in 
the experimental group. We find a relatively strong Pearson correlation of 0.5 (p-value<0.005). 

https://t(35)=0.29
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Fig.  10.  Reduction in fuel  consumption as  a function of  improvement  in driving behavior.  

In order to provide further support to our hypothesis, we calculated the average fuel consumption per hour 
(across all subjects and all days) in the baseline period as well as in the intervention period. We find that the 
individual incentive scheme was able to reduce 2.6% in fuel consumption per hour (from 9.13 to 8.89 liters per 
hour), and the peer-reward group was able to reduce 1.6% in fuel consumption per hour (from 8.84 to 8.7 liters 
per hour). Since, on average, a subject in the baseline period drove 5.6 hours per day and a liter of diesel costs 
7.29 NIS (true to May 2017), a saving of 2.6% in liters per hour represents a saving of 9.8 NIS per subject per day1, 
which is roughly 60% of the average monetary incentive per subject per day. 

5  CONCLUSIONS  &  FUTURE  WORK  
This research investigated monetary incentives based on real-time monitoring as means to improve driving 
behavior of company car drivers. In order to do so, We conducted a 5-months 60-drivers field study in collaboration 
with a large public transportation company in Israel. 

We found that the monetary incentive groups introduced an average improvement of 22% in driving behavior, 
while the control group (which did not use monetary incentives) presented no improvement at all, suggesting 
that monetary incentives can serve as an effective mechanism in improving driving behavior. 

When we compared the two incentive schemes, we found that the individual scheme outperformed the peer-
reward scheme (31% vs. 15% improvement on average). Further examining the two schemes, we found that during 
the post-intervention period, subjects in the individual group continued to present (a lower but significant) 
improvement in their driving behavior in comparison to the baseline period. In contrast to the individual group, 
subjects in the peer-reward group reached back their baseline driving behavior. These two findings demonstrate 
a clear difference between the two incentive schemes in our setting. 

Inconsistent with our finding, previous studies that compared the individual and peer-reward schemes reported 
the peer-reward scheme to be superior to the individual scheme (e.g., [1, 23, 31]). A survey that we conducted at 
the halfway of the intervention period helped us to shed some light on this inconsistency, showing that subjects 
in the peer-reward group were less engaged in the field study and that there was a low level of communication 
between mentors and trainees in the peer-reward group. Moreover, it is important to note that the drivers in 

1Detailed calculation: (9.13-8.89)*5.6*7.29=9.8 
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our field study (and most probably in other bus companies as well) have to obey a tremendously busy work 
schedule, and therefore don’t have many opportunities to meet each other during the working day. Clearly, low 
engagement and low communication cannot lead to high levels of social pressure and such levels are required in 
order for the peer-reward scheme to become effective. Therefore, in order to leverage the peer-reward mechanism, 
future research should investigate ways to improve communication and friendship levels in settings like ours. 
Moreover, in future work we plan to examine a variant of the monetary incentive schemes used in our field-study 
that will combine the peer-reward and the individual incentives. Each subject will be assigned to a relatively 
small group, and the improvement of the subject will affect the entire group (i.e. the subject himself but also the 
other members of the group). 

Monetary incentives require financial resources and their efficiency depends on whether their overall impact 
worths the monetary investment. As a first step towards demonstrating their efficiency in our case, we examined 
their effect on fuel consumption. We found that the individual scheme and the peer-reward scheme saved 2.6% 
and 1.6% respectively in fuel consumption, equivalent to roughly 60% of the monetary reward paid to the subjects. 
This finding is in-line with previous studies that claimed a direct relationship between safe and economic driving 
behavior (e.g. [14, 15, 43]). It is also important to note that improved driving behavior may have additional 
positive side effects on sustainability such as reduction in injuries and deaths as well as lower maintenance 
and insurance costs. Another way to ensure sustainability is by reducing the monetary reward. Clearly, larger 
amounts may better encourage improvement, but at the same time may limit the sustainability of the mechanism 
in real-world applications. In the future, we plan to test the effect of different amounts of monetary incentives on 
the overall improvement of subjects. Such investigation can help in finding the right balance. 

One major limitation of this study is its scale - the length of the experiment (40 days in the intervention period 
and 13 days in the post-intervention period) was relatively short and the number of subjects (60) was relatively 
small. In the future, we plan to perform a follow-up field-study with a larger number of subjects and longer 
intervention and post-intervention periods. A longer intervention period will allow us to better understand the 
impact of seasonality on driving behavior, and a longer post-intervention period will allow us to draw clearer 
conclusions on the effect of monetary incentives on the longer term behavior of drivers. 

Another closely related limitation is the generalizability of our findings. We examined bus drivers, operating 
urban routes, all working in a single company which is located in Israel. In the future, we plan to extend the 
study to other types of vehicles and routes, and to test whether culture plays a significant role when monetary 
incentives are introduced. 

Finally, in this study, we limited ourselves to one single aspect of driving behavior that is related to "aggressive 
driving". In the future, we would like to collect data about a different aspect of driving behavior which is related 
to distraction. Specifically, we plan to extend our dedicated app to collect data from the drivers’ smartphones 
regarding their usage during driving time. As noted in section 2, distractions in general, and those caused by 
smartphone usage in particular, are a major contributor to car crashes. The collection of such data can then be 
used to encourage drivers to avoid the usage of smartphones while driving and thus reduce car crashes. 
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A  ASSIGNMENT  OF  MENTORS AND  TRAINEES  
The peer-reward scheme required the assignment of two mentors per each subject. In order to assign subjects to 
mentors in a meaningful way (i.e., in a way that is likely to induce meaningful social pressure), we performed a 
short survey in which we asked each subject in the peer-reward group to suggest 3-5 other subjects from the 
same group to serve as their mentors. Then we formulated and solved an optimization problem in which we tried 
to maximize the assignment of mentorships according to the suggestions of subjects. 

A.1  Formulating  the  Assignment  Problem  
We denote the number of subjects in the peer-reward group as p and the the matrix of suggested mentors as A. A 
is of size p p× , where the entry Aij equals 1 if subject i suggested subject j as a mentor and 0 otherwise. Clearly, 
the matrix A is not necessarily  symmetric. 

The optimization problem tried to maximize the number of assignments that are in accordance with the 
mentorship suggestions of subjects, while maintaining the following constraints: (a) each subject is assigned to 
exactly two other mentors, (b) each subject serves as the mentors of exactly two other subjects. (c) there are no 
reciprocal assignment (if subject A is assigned to be the mentor of subject B, then subject B cannot be assigned as 
the mentor of subject A). 

More formally, we searched for a matrix X of size p p where the entry Xij equals 1 if j is assigned to be the 
mentor of i and 0 otherwise, subjected to the following constraints: 
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maximize Xij ∗AijXij i j 

subject to (1) Xii = 0, ∀i 

j 

(2) Xij = 2, ∀i 
j 

(3) Xij = 2, ∀j 
i 

(4) Xij + Xji ≤ 1, ∀i, j 
(5) Xij ∈ {0, 1} 

where constraint (1) prevents self assignments; constraints (2) and (3) force two mentors and two trainees for 
each subject; (4) prevents reciprocal assignments and (5) defines the decision variable Xi j to be binary. 

A.2  Reassignment   of  Mentorships  
Recall that three subjects in the peer-reward group dropped the experiment at the beginning of the intervention 
period, causing some of the mentorship assignments of the remaining subject to be invalid. To overcome this 
problem, we performed a simple reassignment of mentorships as depicted in figure 11. A mentor that one of his 
trainees dropped the experiment, was assigned as a mentor of one of that trainee’s trainees. The other mentor 
of the trainee that dropped out was assigned as a mentor of the second trainee of the trainee who dropped out. 
Clearly, this solution is not optimal in the sense that it does not take into account the mentorship suggestions 
of subjects. However, it is quite simple and prevents major changes in the mentorship network that may have 
caused great confusion among the subjects. 
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Fig.  11.  Reassignment  of  mentorships.  In  case  the  driver  in  the  middle  of  the  figure  dropped  from  the  study,  his  two  trainees  
were assigned to his mentor (depicted as dashed lines in the figure). Consequently, each trainee is mentor by exactly two  
mentors  and  each  mentor  is  mentoring  exactly  two  trainees,  as  required.  
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